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Abstract 
The geometrical concept of an ideal amorphous solid, and a method for its construction, are described as novel 
contributions to the understanding of atomic arrangements in amorphous solids. This ideal amorphous structure serves as a 
base-line model for atomic arrangements and as a universal reference from which any changes in atomic arrangement can 
be measured.  A model of a perfectly random structure is based on the irregular triangle topology in the coordination shell. 
The model provides high-resolution geometry of the packing arrangement and useful information for x-ray scattering and 
EXAFS fine structure, as well as a starting point for a theory of amorphousness. 
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1. Introduction 
Atomic arrangements in all solid materials are either crystalline or amorphous, but the arrangements are 
never perfect. Within their structure, all materials contain, to a larger or lesser extent, defects (when referring 
to crystalline structure), or flaws (when referring to amorphous structure). Flaws and defects are imperfections 
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in an otherwise abstract concept of ideal atomic arrangement. In fact, perfection of structure (ideal structure) 
is distinguished by a total absence of imperfections. 
The concept of ideal crystalline solids was arrived at gradually over the centuries, culminating in a theory 
of geometrical crystallography. It defines a model of a perfect crystal structure in which the positions of every 
individual atom are predicted (to infinity) by the well-known formula (see for example Friedel 1964, Engel 
2002): 
                                                                                                (1) 
Such a structure has the property of periodicity; any straight line of arbitrary direction passing through it 
will be divided by the atoms/spheres into finite segments, recurring at regular intervals. In the special case 
when such lines coincide with the directions of the vectors, a , b  and c , the lines are referred to as the lattice. 
The corresponding geometrical theory of amorphousness, dealing with ideal amorphous solids, is lacking. 
As a starting point for a model of an ideal amorphous solid we should accept that its atomic-scale structure 
must have no long range order as implied by equation (1), but more importantly, that the packing arrangement 
of atoms, even on a local scale, must be random. In terms of an ideal amorphous solid, several questions arise 
for consideration. Can random packing be ideal? And what is the advantage in defining such an ideal 
amorphous solid. 
2. The IAS Model 
At a general level, an ideal amorphous solid (IAS) is represented by randomly packed, touching but non-
intersecting spheres, satisfying conditions of translational and rotational invariance (frame independent, 
isotropic body). The perfectly random arrangement is achieved by requiring the positions of all spheres to 
obey certain prescribed rules without exceptions (To et al 2006). There are two essential rules: 
 The centers of any three adjacent but non-touching spheres must form irregular triangles; no triangles 
formed by such sets of spheres have the same (identical) shape (Stachurski and Welberry, 2011). 
 Every sphere must be in fixed position so that the resultant structure is solid. For mono-atomic IAS a 
k 
(k k > 9 a sphere is always in a fixed position (Stachurski, 2003). 
 
Rule 1 ensures that none of the symmetry elements present in crystalline solids are present in the 
amorphous body. Rule 2 ensures that this packing of spheres can be regarded as a perfectly rigid solid since 
no sphere in the body can be moved in any direction (zero free volume). It follows that in an IAS separations 
between spheres, measured along any arbitrarily chosen straight line passing through the solid, will be 
irregular and smoothly distributed between (rij )min  and (rij )max , in contrast to crystalline solids where such 
inter-atomic distances exhibit periodicity. 
Figure 1. Irregular clusters of spheres. Each (1 + k) cluster comprises an inner sphere (red) with $k$ outer spheres (blue) touching the 
inner sphere. The topography of the clusters specifies that any two outer spheres form an isosceles triangle with the inner sphere; any 
three adjacent outer spheres form an irregular triangle. 
In the IAS, a sphere is surrounded by k number of nearest neighbour outer spheres. Suppose we regard the 
(k +1) clusters as being the building blocks of the model (see Figure 1). The probability of two or more 
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clusters having identical composition, coordination and configuration, and being oriented in precisely the 
same way, is zero (To et al 2006). Consequently, repeatability of any pattern of clusters along any straight 
line passing through the IAS model is zero. It is in that sense that the arrangement is referred to as perfectly 
random. This is different from, for example, perfect and uniform randomness of molecular positions in an 
ideal (noble) gas, where the positions of the atoms at any instant of time are totally uncorrelated, and 
consequently the radial distribution function is, g(r) = 1 for all r (Poisson point process, Torquato-2002).  
Detailed characteristics of the IAS model, and its construction, have been described in several publications 
by To et al, 2006, Stachurski, 2003, Lee et al, 2010, and Stachurski, 2011. A computer program for its 
simulation is available as freeware at http://users.cecs.anu.edu.au/. The simulation involves addition of 
spheres onto 3-sphere sites of an initial irregular cluster; the resulting radial growth creates spherical packing, 
which is called a Round Cell, as seen in Figure 2. In practice, 10^6 spheres can be packed into such a Round 
Cell in a reasonable time (few hours). This is in contrast to cubic cells used in molecular dynamics 
simulations, with periodic boundary conditions, and number of atoms typically limited to 10^4 or 10^5. The 
primary information about the cell is stored in a matrix, [n, x, m], where n is the id-number of each sphere, x 
contains the coordinates of all spheres with respect to the origin, and m identifies the corresponding type of 
the sphere (chemical name and radius). Analysis of the packing by statistical distribution functions of 
coordination number and cluster configuration confirms randomness of the arrangement and absence of flaws 
a shown by To et al, 2006. The most immediately useful information derived from the IAS is the detailed pair 
distribution function (PDF). This is a new result, not normally available from experimental data. The first 
peak, that would normally appear as a single peak at a radial distance corresponding to nearest neighbour 
contacts, can be resolved into individual contributions, for example as shown in Figure 3 for the Mg65-Cu25-
Gd10 metallic glass. This valuable information for real glasses cannot even be obtained from experimental x-
ray scattering measurements by extensive Reverse Monte Carlo (RMC) computations.  
Another useful result derived from the fine PDF is that it can be used for theoretical calculations of 
EXAFS (E) , which is proportional to the amplitude of the scattered photoelectron at the absorbing atom. 
 
Figure 2. A view of the simulated Round Cell of an IAS model 
with 3 types of atoms in a metallic glass. The cell comprises 
10^5 randomly packed spheres representing Mg, Cu and Gd 
atoms.                                                                                     
Figure 3. High-resolution pair distribution function for the 
metallic glass, Mg65-Cu25-Gd10, obtained from a simulated 
IAS model. The plot shows the first peak resolved into its 
individual components.
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3. Discussion and Conclusions 
The arrangement of atomic structures in bulk metallic glasses is closest to being perfectly random in the 
sense of the IAS structure, with no symmetry elements found even at the local cluster level, although there are 
inter-atomic length correlation as evidenced by their PDFs. In metals the electrons in the inner shells are 
strongly bound.  For the purposes of x-ray scattering, it is the electron density in the ionic core, which holds 
most of the electrons and satisfies the spherical distribution of electronic density, (r). Consequently, the 
average of atomic scattering factors can be used in Debye computations. The number of atoms in the first 
coordination shell varies between individual clusters within the allowed range [k(min); k(max)], predicted to a 
first approximation by the combinatorics formula of Furth, see To et al, 2006, and extended to polyatomic 
packing by Lee et al, 2010, in broad agreement with molecular dynamic simulations of Hui et al, 2009. There 
is no repeatability of any pattern in composition, local arrangement or orientation within clusters. The total 
lack of cross-correlation between clusters ensures no short range, nor medium range, and of course, no long 
range order. The IAS model is without packing imperfections, i.e., no free volume, no compositional 
inhomogeneities, no texture or preferred orientation. The packing density of the IAS packings is close to 
0.625, not 0.64 that is widely used packing of spheres under the influence of gravity. 
 
Figure 4. A view of the structure of solids along an undefined variable. The circles indicate the positions of the ideal (perfect) structures; 
the lines indicate the spectrum of structures in real solids. The small gap between the circle and line on the crystalline side indicates that 
near-perfect single crystals can be grown. The larger gap on the amorphous side indicates that the structure of glasses may not be close to 
IAS. A discontinuity in the line near the middle is shown to indicate that even highly disordered crystalline solids are not the same as 
highly flawed amorphous glasses. 
 
One can summarize the field of amorphous/crystalline solids by the diagram shown in Figure 4. The nature 
and origin of the amorphous state continues to be a scientific challenge (www2.cnrs.fr, and American 
Mineralogist, 2008). This is still largely true today, and for this reason we advance and promote the concept 
of an ideal amorphous solid as a solution to this enigma. The right approach to a definition of amorphousness  
is through an appropriate geometric and topological model of the ideal amorphous solid as described herein. 
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